This aim of this study was to assess the ability of manual or rotary instrumentation associated with photodynamic therapy (PDT) to reduce Enterococcus faecalis using three combinations of light/photosensitizers: toluidine blue O/laser, fuchsin/halogen light and fuchsin/LED. Twenty deciduous molars were selected and contaminated with Enterococcus faecalis (McFarland 0.5 scale). Working length determination was performed by visual method. The teeth were randomly divided into two groups: G1 (n=10): manual instrumentation (Kerr-type files) and G2 (n=10): rotary instrumentation (ProTaper system). The bacteria were collected three times using sterile paper cones compatible with the anatomic diameter of the root canal for 30 s before and after instrumentation and after PDT. The samples were diluted in peptone water, seeded on blood agar plates and incubated in an oven at 37 °C for colony-forming units counting. The decrease of E. faecalis counts after instrumentation and after PDT was compared using the Wilcoxon test, t-test and Kruskal Wallis test. A significant reduction of E. faecalis occurred after manual and rotary instrumentation and after PDT using the three combinations of light/ photosensitizer (p<0.05). It may be concluded that both rotary and manual instrumentation reduced E. faecalis. Fuchsin with halogen light or LED irradiation and toluidine blue O with laser irradiation can be used to reduce E. faecalis in root canals of primary molars. PDT can be used as an adjuvant to conventional endodontic treatment.
Introduction
The major cause of occlusal problems in permanent dentition is the early loss of deciduous teeth. Deciduous dentition is a guide for the correct eruption of permanent teeth. Early loss of deciduous teeth may cause important problems such as: respiratory/phonation dysfunctions, perioral muscle hypotonia, delay and malocclusion of permanent dentition (1) . Traumatic injuries, especially in anterior teeth, have a high prevalence and are considered serious problems because of the pulp involvement and the emotional aspect for the patient and parents. The maintenance of primary teeth with pulp changes caused by caries or trauma is a major therapeutic challenge in pediatric dentistry because of the pulp's biological cycle and the internal anatomy of these teeth. Therefore, root canal sanitizers with good performance in eliminating bacterial contamination are a key to treatment success in such teeth (2, 3) .
The most widely used technique for endodontic treatment of deciduous teeth is performed with carbon steel hand files. This technique is widely used due to its low cost (4) . Chemical-mechanical instrumentation reduces the number of microorganisms in the root canals (5) . However, even after instrumentation the residual bacteria may result in endodontic treatment failure due to recolonization of the root canal system (6) . The main microorganism responsible for this process is the Enterococcus faecalis (7) .
The literature has suggested alternative therapies to be used after instrumentation, including PDT, with the purpose of reducing residual bacteria in root canals. This method proposes that a light with a specific wavelength on a photosensitizer produces energy photons that release free radicals and singlet oxygen. These substances act on the bacterial wall modifying the metabolism by altering lipids, proteins and nucleic acids, leading to bacterial death. Furthermore, this technique is easily applied, painless, and it does not promote microbial resistance or cause systemic effects (8) (9) (10) (11) (12) .
The halogen-type lamps, the light-emitting diode (LED) lamps and low-intensity laser radiation may all be used with photosensitizers (13) . Halogen lamps produce blue light, release heat when activated and have a wavelength of approximately 670 nm. Light-emitting diode lamps have a set of several mini-lamps that emit monochromatic light with low temperature elevation at a wavelength ranging from 450-490 nm (14) . Low-intensity laser has a wavelength of approximately 638 nm, and presents analgesic, anti-inflammatory and regenerative effects.
Furthermore, when associated with a photosensitizer, it has antimicrobial action (11) Several photosensitizers may be used in PDT. Among them, the xanthines and phenothiazines are the most common (7) (8) (9) (10) (11) (12) . Fuchsin identifies caries lesion and bacterial plaque, has low cost and can be used in PDT. This photosensitizer can be classified as belonging to the xanthine group and may be irradiated by blue light. However, no studies in the literature have assessed fuchsin as a photosensitizer to reduce E. faecalis in deciduous molars. Thus, the aim of this study was to assess the ability of manual or rotary instrumentation associated with photodynamic therapy (PDT) to reduce E. faecalis using three combinations of light/photosensitizers: toluidine blue O/laser, fuchsin/halogen light and fuchsin/LED.
Material and Methods
The study was approved by the institutional Research Ethics Committee (Protocol #783/09).
Sample Selection
Twenty primary molars were obtained from the Pediatric Clinic of the Pontifical Catholic University of Campinas, Brazil with the consent of parents and/or guardians by signing a tooth donation form. The inclusion criteria were as follows: primary molars with at least 2/3 of root; absence of internal or external pathological root resorption; absence of internal and/or external perforation in the furcation area; moderate root angulation (curvature radius between 10 to 20 mm and angle between 25° and 39°) (15) . The following exclusion criteria were considered: primary molars with less than 2/3 of root; teeth with internal or external pathological root resorption; presence of internal and/or external perforation in the furcation area; teeth without curvature radius between 10 to 20 mm and angle between 25° and 39° (15) .
A cross-section was made in the cementoenamel junction to separate the crown from the root using a double-faced carburil disk (KG Sorensen, Agerskov, Denmark). Irrigation was done with saline and the root canal length was established by inserting a #10 Kerr hand file (Dentsply Maillefer, Ballaigues, Switzerland) in the root canal until the active tip was seen in the apical foramen (visual method). The instrument was withdrawn and the working length was determined by subtracting 1 mm from the length of the canal (16, 17) . To help the contamination of the root canal system with E. faecalis, initial instrumentation was performed with the #10 hand file up to the working length (2) .
The teeth were sterilized in humid heat autoclave at 212 °C for 15 min. The contamination of the root canals was performed with a standard strain of E. faecalis ACTT 19433 (Labcenter, Campinas, SP, Brazil) at a 0.5 McFarland scale. Each root canal was irrigated with 1 mL of standard strain of E. faecalis in laminar flow using a 5 mL syringe (BD Plastipak, Curitiba, PR, Brazil) and needle (BD Plastipak). The contaminated specimens were transferred to a sterile receptacle containing a standard strain and BHI. Samples were inoculated in anaerobic jars (Oxoid Inc., Basingstoke, Hampshire, UK) at 37 °C for 24 h in an atmosphere of 85% N 2 , 10% CO 2 and 5% H 2 obtained by using anaerobic envelope and anaerobic indicators (Anaerogen™, Oxoid Inc.) for 21 days. Every 2 days, 20 µL of BHI broth were added using a 0.3 cc insulin syringe.
A sterile paper cone (Les Fils D'Auguste Maillefer, Ballaigues, Switzerland) compatible with the anatomic diameter of the canal was introduced in each root canal for 30 s obtaining the first sample of bacterial contamination that was immediately transferred to test tubes containing 4.5 mL of BHI (Brain Heart Infusion-sterile; Acumedia Manufacturers, Lansing, MI, USA). Canals were instrumented by a single operator and the teeth were randomly divided into 2 groups G1 (n=10): manual instrumentation using Kerr-type files (Les Fils D'Auguste Maillefer) according to the crown-down technique; in the mesial or buccal canals, files sizes 30 and 25 were used to prepare the cervical third and sizes 20 and 15 to prepare the middle and apical thirds; in the distal or palatal canal, files sizes 45 and 40 were used in cervical third and sizes 30 and 25 in the middle and apical thirds (17) . G2 (n=10): rotary instrumentation using the ProTaper system activated by the rotary engine-driven motor X-Smart (LesFils D'Auguste Maillefer) [files S1 and S2 (300 rpm and 3 N torque) and files F1 and F2 (300 rpm and 2 N torque)] (17, 18) . In all groups, the canals were debrided respecting the safety zone areas of the root. At each change of file, the root canals were irrigated with 1 mL of 1% NaOCl. After instrumentation, a new collection was made using sterile paper cones. To perform photodynamic therapy, 30 root canals of ten deciduous molars (manual or rotatory instrumentation) were randomly distributed according to 3 different treatments, so that in each group of photodynamic therapy ten root canals were used. The root canals were randomly distributed according to 3 different treatments: toluidine blue O/low-intensity laser, fuchsin/LED and fuchsin/halogen light (Table 1) . During PDT, the photosensitizer (0.005% concentration) was inserted into the canals with sterile paper cones and the duration of pre-irradiation was 3 min.
For the three different types of treatment the photosensitizer was applied with the aid of clinical tweezers and sterile paper cones compatible with the root canal. The sterile paper cone was placed in a dappen dish containing a photosensitizer solution. After complete soaking of the paper cone, it was transferred to the previously drawn canal and left there for three minutes (duration of preirradiation). For light application, the tip of the device was as close as possible to the root canal entrance to enlarge the amount of sensitized area. The application of each type of light was done similarly: light application for 1 min. After PDT, the third microbiological collection was performed inserting a sterile paper cone compatible with the canal, which was left in contact with the canal walls for 30 s.
Microbiological Procedures -Determination of Total Viable Bacteria
The collected samples were diluted, seeded and cultivated in the Microbiology Laboratory of PUCCampinas. Homogenization was performed for 3 min in a tube agitator (Phoenix, Araraquara, SP, Brazil). Immediately after homogenization, six-fold dilutions were done in sterile peptone water (Himedia Laboratories, Mumbai, India) and sowing was performed using three aliquots seeded with a micropipette onto the surface of blood agar plates. At each dilution, homogenization was performed for 30 s. The plates were incubated in anaerobic jars (Oxoid Inc.) at 37 °C for 5 days in an atmosphere of 85% N 2 , 10% CO 2 and 5% H 2 obtained using anaerobic generator envelopes (AnaerogenTM, Oxoid Inc.). The total count of viable bacteria was performed using a colony counter (Phoenix).
Statistical Analysis
The results were analyzed statistically by the Biostat 4.0 software. The decrease of E. faecalis counts after instrumentation and after performing PDT was compared using the Wilcoxon test, t-test and Kruskal Wallis test.
Results
There was significant reduction of E. faecalis after manual and rotary instrumentation of the root canals of deciduous teeth (p<0.01). There was no difference in the reduction of E. faecalis between the two instrumentation techniques (Table 2) . Photodynamic therapy using toluidine blue O combined with laser, fuchsin associated with halogen light, and fuchsin combined with LED resulted in significant reduction of E. faecalis in the root canals of deciduous teeth after manual (p<0.05) or rotary (p<0.01) instrumentation. No significant difference in the reduction of E. faecalis was found among the three PDT techniques (p>0.05) ( Table 3 ).
Discussion
The maintenance of primary teeth until the occurrence of physiological exfoliation contributes to mastication, phonation, esthetics, and prevents deleterious habits of the child (1). Therefore, maintaining deciduous teeth in the oral cavity until physiological exfoliation is important. Pulp changes caused by caries or trauma are the most common indication for endodontic treatment. The success of endodontic treatment in deciduous teeth depends on significant microbial reduction after chemical-mechanical instrumentation. However, the amount of residual bacteria in the root canal after chemical-mechanical instrumentation is significant and may lead to new infection in the root canal (21) . Endodontic treatment failure may also be associated with the anatomic variation in the curvature and diameter of root canals or failure of the surgical technique (11) . In endodontic treatment of deciduous teeth, in addition to the difficulty of debriding the root canal system because of the secondary canals, accessories and root resorption, the child may not have the psychological maturity to cooperate during treatment (6) .
The literature reports that even after chemicalmechanical instrumentation there are still residual bacteria in the root canal capable of re-colonizing it, such as the gram-positive Streptococcus sp and E. faecalis (11) . E. faecalis is resistant to intracanal medication used between the appointments and to chemicals used during instrumentation (10) . There are no studies in the literature that report the presence of E. faecalis after instrumentation using the Profile, Race and FKG systems. The present study performed the contamination of root canals of deciduous teeth with a standard strain of E. faecalis -microorganism resistant to chemomechanical instrumentation of the root canal system (5, 11) .
Chemomechanical preparation for disinfecting root canals of deciduous teeth may be performed using the manual technique with K-files or a rotary system with nickel-titanium files (21) . Manual instrumentation is widely used in deciduous teeth, but there are limitations as regards the cleaning quality of the root canals (4). The results of the present study showed a reduction of 83.54% in the number of viable bacteria after manual instrumentation, which is in agreement with the literature (8) . Although the manual technique shows a high potential for microbial reduction, the number of viable bacteria after instrumentation is significant (8) . In this study, 16.46% root canals were contaminated after manual instrumentation.
The nickel-titanium files have several advantages over the manual files: radial guide, smear plug removal from dentin during instrumentation and shorter operative time (20) . Assessing the removal of debris and smear layer after instrumentation with FlexMaster, Race and NiTiflex K-file, the rotary instrumentation with FlexMaster and Race presented less formation of smear layer after instrumentation (20) . Some authors have compared following the different types of files: Profile, Race and FKG, assessing the percentage of microbial reduction for each set of files and found microbial reduction for all the sets (5). The results of this study are in agreement with those studies in the literature, since microbial reduction of E. faecalis was significant (71.62%) after instrumentation with the ProTaper system (5).
In this study, no chelating solution was used to remove smear layer because there is no scientific evidence to support this indication in endodontic treatment for primary teeth. The use of EDTA, for example, could promote injuries in periapical tissue because deciduous teeth have resorption areas and presence of accessory foramina. However, EDTA can remove smear layer and debris after instrumentation, causing bacteria reduction and may improve the photosensitizer action in PDT of deciduous teeth. New studies must be performed to evaluate the solution to remove smear layer in deciduous teeth.
PDT uses light and a photosensitizer, which is usually exogenous, and which combined produce the chemical reactions leading to cell death (12) . The photons in light radiation are absorbed by the photosensitizer resulting in the production of singlet oxygen (7) (8) (9) (10) (11) . The PDT is factor-dependent on the type of bacteria, timing and the manner of irradiation of the root canal (6) . During this reaction, light irradiation without heat generation, such as that of the laser and LED, is unable to cause injury to the surrounding tissues of the root canal and the reaction is athermal (10) . One advantage of the photodynamic therapy is the non-induction of bacterial resistance.
According to Muhammad et al. (22) , photodynamic therapy using non-collimated light and an optimized concentration of photosensitizing agent in permanent teeth may have a role in disrupting the biofilm and decreasing the bacterial load to intact microbial biofilm; these effects are statistically inferior to those obtained by passive ultrasonic irrigation. Zand et al. (23) observed that photodynamic therapy and the 2.5% NaOCL solution were equally efficient in completely eliminating E. faecalis in young, mature and old biofilms using 120 permanent human maxillary and mandibular central incisors. Sabino et al. (24) contaminated ten permanent third molar with a bioluminescent strain of C. albicans and introduced into the canals blue methylene and irradiated with laser tip either in contact with pulp chamber or within the canal using an optical diffusion fiber. Sabino et al. (24) observed that both light delivery systems performed significant fungal inactivation, but when irradiation was performed with an optical diffusion fiber, microbial burden reduction was nearly 100 times more effective. Siddiqui et al. (25) performed a systematic literature review and observed that 70% of the studies that fulfilled their eligibility criteria showed that PDT is more efficient in eliminating E. faecalis in infected root canals than conventional endodontic therapy and that there was an inconsistency in the methodology and laser parameters used in those studies.
The photosensitizers are divided into two large groups: xanthine derivatives such as erythrosine, rose bengal and eosin; and phenothiazine derivatives such as azulene, methylene and toluidine blue. Previous studies used several types of photosensitizers at different concentrations (7, 9, 11) . Normally, most photosensitizers are not available in the dental office. Fuchsin is a low-cost dye, available in the dental office, and it is used to show caries lesion and bacterial plaque. In addition to the toluidine blue photosensitizer, the aim of this study was to assess the applicability of fuchsin as a photosensitizer for PDT in root canals of deciduous molars. According to this study, three different forms of application of PDT cause a significant reduction of E. faecalis.
Toluidine blue O (TBO) is a photosensitizer that provides interaction and it is capable of penetrating the cell membrane of bacteria causing increased susceptibility to light absorption. TBO is a photosensitizer derived from phenothiazines. It has affinity for the outer membrane of gram-positive bacteria and lipopolysaccharides of gram-negative bacteria. TBO plus laser irradiation causes chemical reactions that significantly reduce the number of viable bacteria by releasing singlet oxygen and toxic free radicals to the bacteria in the canal. The variation in intensity or exposure time, as well as the concentration of the photosensitizer and duration of pre-irradiation, causes greater or lesser microbial reduction. Pinheiro et al. (8) observed reduction of 98.37% total bacteria viable after photodynamic therapy in deciduous teeth with necrotic pulp using low-intensity diode together with toluidine blue, in agreement with the results of this research that observed photodynamic therapy using the same photosensitizer and laser and resulted in significant reduction of E. faecalis in the root canals of deciduous molars.
Xanthines are cyclic anionic compounds with three aromatic rings in linear arrangement with an oxygen atom in the central ring, which contain fluorescein, eosin, erythrosin and rose bengal. Photocatalytic conversion of these photosensitizers easily converts triplet oxygen into singlet oxygen. The singlet oxygen causes damage to the fatty acids in the lipid membranes, which undergo peroxidation reactions of enzymes by specific reactions with the methionine, tryptophan, tyrosine amino acids, and nucleic acids, resulting in bacterial death. The present study assessed fuchsin as a photosensitizer and found similar microbial reduction of E. faecalis when compared with the blue photosensitizers.
It may be concluded that both rotary and manual instrumentation reduced E. faecalis. For all combinations of light/photosensitizer assessed in this study, a reduction in the number of E. faecalis was found. Thus, the photosensitizer derived from phenothiazine and xanthines irradiated with blue or red light, respectively, are an option to help microbial reduction in root canals of deciduous molars.
Resumo
O objetivo do presente estudo foi avaliar a redução de Enterococcus faecalis após instrumentação manual ou rotatória associada à terapia fotodinâmica (PDT) utilizando 3 combinações luz/fotossensibilizante: azul de toluidina O/laser, fucsina/luz halógena e fucsina/LED. Foram selecionados 20 molares decíduos que foram contaminados com Enterococcus faecalis (escala 0,5 de McFarland). A odontometria foi feita através do método visual. Os dentes foram divididos aleatoriamente em dois grupos: G1 (n=10): instrumentação manual (limas tipo Kerr) e G2 (n=10): instrumentação rotatória (sistema ProTaper). Foram realizadas coletas com cone de papel estéril compatível com o diâmetro anatômico do canal durante 30 s antes e após a instrumentação e a PDT. As amostras foram diluídas em água peptonada, semeadas em placas de agar-sangue e incubadas em estufa a 37 °C para contagem das unidades formadoras de colônias. As comparações antes da redução de E. faecalis após a instrumentação e após a realização da PDT foram realizadas pelo teste de Wilcoxon, teste t e Kruskal Wallis. Houve redução significante de E. faecalis após a instrumentação manual ou rotatória e após realização da PDT com as três combinações de luz/fotossensibilizante (p<0,05).
